Circular dichroism, optical rotatory dispersion, and absorption studies on the conformation of bovine rhodopsin iw situ and solubilized with detergent.
Circular dichroism, optical rotatory dispersion and absorption of rhodopsin, the visual pigment of bovine rod outer segment membranes, were studied in situ and in membranes solubilized with various detergents. The alpha-helical content of the membrane protein is approximately 30%. The membrane protein possesses little beta-structure. Solubilization of the membrane by the detergents, Emulphogene BC-720 and cetyltrimethylammonium salts, results in loss of protein helical structure and perturbation of aromatic residues. These effects are not observed on digitonin solubilization. In regard to the structural stability of the membrane during bleaching, the following conclusions were reached: (1) Delocalized conformational changes of rhodopsin in situ involving secondary and/or tertiary structure are very unlikely. (2) Localized conformational changes of rhodopsin in situ involving secondary structure must be limited to the involvement of no more than three amino acid residues and localized conformational changes involving tertiary structure must be limited to very short segments of the protein chain containing, at the most, only a few aromatic residues. (3) Large changes in the interaction of lipid and protein moieties of the membrane are unlikely. (4) The detergents, Emulphogene, cetyltrimethylammonium salts, and digitonin, significantly decrease the conformational stability of rhodopsin as compared to the in situ conditions. The effect is smaller with digitonin. Evidence is presented against a proposed mechanism by which optical activity of the prosthetic group, retinal, is induced by resonance coupling of the transition dipoles of retinal and the lowest energy transitions of the aromatic groups of the apoprotein, opsin. A mechanism in which atropisomers of retinal are preferentially bound by opsin is consistent with the present results. The optical activity of the prosthetic group is markedly changed upon solubilization of the membrane by detergent. This change in optical activity is probably coupled to changes in conformation of the protein moiety induced by solubilization.